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Abstract

Chinese leymus [Leymus chinensis (Trin.) Tzvel.] is an
important forage distributed in East Asia. The seed-set
rates and the pollen—stigma compatibility in six popula-
tions were investigated in 2001. Proportionately seed-set
ranged from 0-065 to 0-567 under open pollination and
0:0056 to 0-:0426 under self-pollination. The former is
significantly higher than the latter in each population.
Microscopic observations showed that proportionately
only 0:0551 to 0-1167 of self-pollinated pollen grains
were compatible but most cross-pollinated pollen grains
were compatible. The tubes of most incompatible pollen
grains aborted upon entering into the stigmas. Among
the six populations, there was a significant correlation
between seed-set under open pollination and the com-
patible pollen rates under cross-pollination. These results
suggest that Chinese leymus is a self-incompatible
species, and the compatibility of pollen and stigma might
be one of the factors influencing seed-set in natural
conditions. This information will be useful for future
breeding etforts.
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Introduction

Chinese leymus [Leymus chinensis (Trin.) Tzvel., syn.
Aneurolepidium chinensis (Trin.) Kitag. (2n = 4x = 28)]
is a perennial species of Poaceae distributed widely in
East Asia, including China, Japan, Mongolia and east-
ern Russia (Lu ef al., 1987). The grass is about 30—
140 cm tall and has strong rhizomes (Anonymous,
1976). It is a cool-season grass found on arid and
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alkaline soils (Clayton and Renvoize, 1999). Its high
production and nutritive value make the species
important for livestock in north-eastern China (Wang
et al., 1997). Owing to the environmental problems
associated with overstocking livestock on grasslands,
there is an increasing demand for a grass species to
restore and prevent further deterioration of natural
grasslands (Li and Chen, 1997). The grasses in Poaceae
display a range of breeding systems from dioecism to
autonomous apomixes, and there exists different repro-
ductive systems even in the same genus (Connor,
1979). It is necessary to understand about the repro-
ductive system of Chinese leymus from a breeding and
seed production standpoint. However, little information
on the sexual reproduction of this forage is available. It
had been reported that proportionately above 0-92 of
pollen grains in mature anthers are viable and that
microspore development does not hinder the seed-set of
the grass (Ma et al, 1984). However, the question of
whether Chinese leymus is a self-incompatible forage
has not been previously addressed. This paper describes
seed-set and pollen—stigma compatibility under self-
and cross-pollination.

Materials and methods

Materials

Six distinct populations were selected for these experi-
ments. They were collected from various biotypes in
north-eastern China (Table 1). In 2001, the seeds were
sown in six plots in the Botanic Garden at the Institute
of Botany, Chinese Academy of Sciences, Beijing, China
(39°50'N, 116°20’E). At the site the mean annual tem-
perature is 11-5°C. Mean temperature in January is —4-6°C
and in July is 25-8°C. Annual precipitation is 644 mm.
The period of frosts is from 12 October to 18 April.

Seed-set under field conditions

Seed-set studies were carried out in 2001. For each
population, thirty plants were selected to represent the
normal variation in their biological characters. Ten to
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Table 1 Geographical and morphological descriptions of the six populations of Leymus chinensis used in the study.

Population Sources Main morphological characteristics
1 Haidian, Beijing 39°57'N 116°20’E Yellow-green leaves, tall straw, early-flowering,
about 220 florets per inflorescence
2 Yanqing, Beijing 40°25’N 115°58’E Yellow-green leaves, intermediate height
of slender straw, intermediate flowering,
140 florets per inflorescence
3 Duolun, Inner Mongolia Autonomous Grey-green leaves, tall and thick straw
Region 42°36’ N 116°12’E with strong resistance to lodging,
160 florets per inflorescence
4 Xilinhot, Inner Mongolia Autonomous Dark-green leaves, tall straw with the
Region 44°21" N 126°19’E longest spike and most florets, late flowering,
240 florets per inflorescence
5 Harbin, Heilongjiang Province Deep-green leaves, intermediate height of straw
45°5N 126°44'E and flowering, short spike, 130 florets
per inflorescence
6 Qiqihaer, Heilongjiang Province Short straw, late flowering, short spike with the least

48°16'N 123°57'E

spikelets, about 100 florets per inflorescence

twelve spikes were selected from each plant; half of the
spikes were open pollinated and the rest were enclosed
within a 30 cm X 10 cm paper bag before anthesis for
self-pollination. The bags were tightened and attached
to stakes to support the spikes. The spikes were agitated
daily to improve the pollen dispersal.

Seed-set rates under open and self-pollination were
calculated by dividing the number of seeds by the
number of florets. The numbers of florets were estimated
by counting. Seeds were counted irrespective of their
size, and seed-set was expressed on a proportional basis.

Compatible pollen rate on stigma

Ten typical plants were sampled in each population.
Pollinations were performed in vitro using the technique
of Lundqvist (1961). Pistils from four to five randomly
selected plants were carefully removed from florets and
transferred into a Petri dish. A thin cloud of fresh pollen
collected from one of the plants was released over the
stigmas. This resulted in self-pollination and three to
four cross-pollination combinations in each Petri dish.
Pistils of all the ten plants were self-pollinated in the
same way. Pollinated stigmas were incubated at room
temperature (22-25°C) for 24 h. Thereafter, the stigmas
were placed on a glass slide in a drop of aniline blue in
lactophenol to observe the pollen under a light micro-
scope (Hayman, 1956, Weimarck, 1968). Compatible
pollen grains were stained faintly whereas the incom-
patible grains were stained darkly (Figure 1).

The compatible pollen rate in each combination was
calculated by dividing the number of compatible pollen
grains by the total number of pollen grains. Pollen tubes
were examined by means of the callose fluorochrome

Figure | Photomicrograph of compatible [stained faintly,
indicated with arrow (a)] and incompatible [stained darkly,
indicated with arrow (b)] pollens of Leymus chinensis on the
stigma under light microscopy (250x).

reaction (Lalouette, 1967; Cornish ef al, 1979a,b).
Photomicrographs were taken with a Leica MPS32 (Leica,
Wetzlar, Germany) microscope.

Analysis of data

As values representing the rates of seed-set and com-
patible pollen were of a low or high order of magnitude,
the arc-sine transformation was employed for all data
expressed as proportions in the statistical analysis. All
data were analysed using the SPSS program (SPSS,
2000). To detect significant differences within each
population, a multiple comparison (Student-Newman-—
Keuls) test was performed. Associations were expressed
as Pearson correlation coefficients (two-tailed).
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Results

Description of anthesis

The inflorescence of Chinese leymus is a compact spike.
The period of anthesis was not identical for the different
populations in Beijing. The flowering time of all
populations lasted for 2 weeks in the middle of May
but for a specific population the time of anthesis lasted
only for 8 d at a maximum. The most profuse flowering
occurred from the third to the sixth day. The stigmas
emerge from the florets simultaneously with anther
extension. The scattering of pollen on stigmas is
abundant. The distance between stigma and anther
was about 2-4 mm (Figure 2). The pollen was carried
easily in the wind under field conditions. Hence, both
self- and open-pollination could occur without obstacle
during pollination.

Seed-set

All six populations produced seeds upon open pollin-
ation, with a seed-set range of 0-064-0-554 (Table 2).
Three groups could be distinguished in terms of seed-set
rate. Population 1 had the highest proportion at 0-554,

Figure 2 Spike, spikelets and florets of Leymus chinensis. (A)
Mature stigmas and anthers exposing themselves at the same
time in a spike (the spike is about 8-5 cm long); (B) withered
stigmas and anthers having spread out most of their pollen after
anthesis in the spike; (C) dissected spikelet with the withered
stigmas and dehisced anthers; and (D) detached floret with

branched stigmas, three anthers between palea and lemma.

Table 2 Seed-set rates under self- and open-pollination in the
six populations of Leymus chinensis (mean with standard
deviations of the mean in parentheses).

Population Self-pollination Open pollination
1 0:029 (0-0065) 0-554 (0-1126)
2 0031 (0-0099) 0417 (0-1008)
3 0-006 (0-0018) 0-066 (0-0141)
4 0-:005 (0-0016) 0-354 (0-1078)
5 0044 (0-0124) 0441 (0-0976)
6 0-001 (0-0003) 0-093 (0-0197)

Significant at P < 0-01.

while population 3 had the lowest at 0-064, and
populations 2, 4, 5 and 6 were intermediate. However,
all populations had very poor seed-set under self-
pollination, from 0-:0130 to 0-0436. Analysis of variance
indicated that differences in seed-set between self- and
open-pollination were significant in each population
(P < 0-001).

Under self-pollination, the six populations could be
divided into four groups: group A (population 5), group
B (populations 1 and 2), group C (populations 3 and 4),
and group D (population 6) respectively. They were
different at the P < 0-01 level of significance. Popula-
tions 3 and 4 had different values for seed-set at the
P < 0-05 level of significance. Under open pollination,
the six populations could also be divided into four
groups: group A (population 1), group B (populations 4
and 5), group C (population 2) and group D (popula-
tions 3 and 6) respectively. They were different at the
P < 001 level of significance. Populations 3 and 6 were
different for seed-set at the P < 0-05 level of signifi-
cance.

Compatible pollen rates on stigma

In the six populations, mean compatible pollen rates
were 0-0551-0-1167 under self-pollination and 0:6000—
0-8483 under cross-pollination. Analysis of variance
indicated a significant difference in compatible pollen
rates between self- and cross-pollination in each pop-
ulation (P < 0-001) (Table 3).

Under self-pollination, there was no significant dif-
ference in the proportion of compatible pollen grains
among the six populations (P > 0-05). Under cross-
pollination, the six populations could be divided into
three groups: group A (population 1), group B (popu-
lations 2, 4 and 5) and group C (populations 3 and 6)
respectively. They were different for compatible pollen
rates at the P < 0-:01 level of significance.

Under a fluorescence microscope, it could be
observed that most pollen had no difficulty in entering
the stigma but the most incompatible pollens were
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Table 3 Compatible pollen rates under self- and cross-
pollination in each population of Leymus chinensis (mean with
standard deviations of mean in parentheses).

Population Self-pollination Cross-pollination
1 0-055 (0-0302) 0-848 (0-0894)
2 0091 (0-0414) 0720 (0-1030)
3 0-081 (0-0370) 0-634 (0-1305)
4 0-067 (0-0423) 0-768 (0-0586)
5 0117 (0-0770) 0722 (0-0860)
6 0-096 (0-0435) 0-600 (0-1039)

Significant at P < 0-01.

Figure 3 Pollen tubes under fluorescence microscopy
(500%). (A) Compatible pollen tube penetrating into the
stigmas. (B) The incompatible pollen usually arrested after the
tubes have just penetrated into the stigma.

blocked immediately. Their tubes were bright, short and
swollen, and some of them even twisted at the end. The
compatible pollen tubes went deeply down into the
stigma (Figures 3 and 4).

Correlation analysis

The correlation between seed-set under self- and open-
pollination was not significant (P < 0-05). Because
there was no significant difference between compatible
pollen rates under self-pollination among the six
populations (P > 0-05), further analyses were not per-
formed. However, the correlation (r = 0-91) between
seed-set rates under open pollination and compatible
pollen rates under cross-pollination was significant at
the P < 0-05 level (two-tailed test).

Figure 4 Fluorescence micrograph showing pollen tubes
penetrating into or arrested on stigma (500x). Most pollen
grains are (A) incompatible or (B) compatible.

Discussion

Self-incompatible flowering plants, while possessing
male and female gametes, fail to form zygotes after self-
pollination but succeed after cross-pollination with
certain other plants of the same species. Self-incompat-
ible and self-compatible plants are typically found in the
same genus, and the frequency of self-incompatibility is
higher in perennial than annual species (Beddows,
1930). The grass family contains 650-700 genera and
includes ¢. 10 000 species (Watson and Dallwitz, 1992).
Self-incompatibility is present in at least forty-nine
genera (Connor, 1979; Baumann et al., 2000). Genetic
control of self-incompatibility has been investigated in
several genera important in forage science, including
the genera containing Dactylis, Festuca, Lolium and
Phalaris species (de Nettancourt, 1993). Lundqvist
(1956) was the first to describe that gametophytic self-
incompatibility in the diploid grasses was genetically
controlled by two unlinked and multi-allelic loci, S and
Z. Based on observations of pollen development on the
stigma, Cornish et al. (1979a,b) concluded that self-
incompatibility in Lolium perenne is also controlled by a
pair of independently inherited, multi-allelic genes
whose effect on pollen is gametophytic, and later the
conclusion was examined for seed-set in diploid L.
perenne (Cornish et al.,, 1980). To utilize the two-locus
incompatibility system for the production of F; hybrids,
schemes were proposed for producing tetraploid popu-
lations with a high level of incompatibility within a
population or by using single- or double-cross hybrids
from the dihaploids (Hayward, 1988). However, F;
hybrids have been developed only in the limited range
of grass forage species in the world whose mechanisms
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for controlling cross-pollination are available (Hayward,
1988).

The present investigation deals with seed-set and
pollen—stigma compatibility in Chinese leymus, which
is a predominant forage in eastern Asia. In all six
populations of Chinese leymus, there was no temporal
or spatial isolation between the extension of stigmas
and the pollen disposal of anthers. Self-pollination
resulted in low seed-set, and open pollination resulted
in significantly high seed-set. The proportion of com-
patible pollen under self-pollination was much lower
than under cross-pollination. These results indicate that
Leymus chinensis is a cross-pollinated species. This
mechanism of reproduction is similar to that of most
perennial grasses, which are nearly all cross-pollinated
(Poehlman, 1979).

In order to establish the mode of genetic control in
grasses, Hayman (1956) developed a technique to
distinguish the compatible and incompatible pollens
on stigmas. This method was effective in determining
whether a grass was self-compatible (Weimarck, 1968).
There are no reports on the correlation between seed-
set and compatible pollen rates among different popu-
lations. Our results indicated a significant correlation
between seed-set under open pollination and compat-
ible pollen under cross-pollination.

Our results also showed that there was no correlation
between self- and open-pollination in seed-set
(P> 0-05). In addition, among the six populations,
compatible pollen rates were not significantly different
but seed-set under self-pollination was different at the
P < 0-01 level of significance. These results suggest that
compatibility of pollen stigma might be one of the
factors influencing seed-set under open pollination.
Pollen tube growth, zygotic formation, zygotic invia-
bility, embryo abortion and endosperm abnormalities
should also be considered in a population’s seed-set,
especially under self-pollination (Falcinelli, 1999).

The tube growth of self pollen was blocked frequently
on the surface of stigma in Chinese leymus, which is
similar to that of Hordeum bulbosum (2n = 14) but
different from Gaudinia fragilis (2n = 14) (Heslop-Harri-
son, 1982). Both of these grasses are self-incompatible. In
addition, autotetraploid L. perenne is self-incompatible, as
is the diploids from which they have been induced, and
only one $-Z pair of the pollen of tetraploids needs to be
matched in the stigma for incompatibility to occur
(Fearon et al., 1984a,b). Chinese leymus is allotetraploid
with chromosome karyotype NsNsXmXm (Duan and
Fan, 1984). While at least one Psathyrostachys genome
(Ns) has been substantiated in L. chinensis (Zhang and
Dvorak, 1991; Wang and Jensen, 1994; Wang et al.,
1994; Anamthawat-Jonsson and Bodvarsdottir, 2001),
the consensus of several researchers has been to reserve
designation of another Leymus genome, Xm, as

unknown (Wang and Jensen, 1994; Wang et al., 1994;
Sun et al., 1995). Therefore, the pollen—stigma interac-
tion and genetic control in Chinese leymus certainly
needs further investigation.

Self-incompatibility can be exploited for the produc-
tion of hybrids. The Chinese leymus evaluated in this
paper suggests future potential because the high self-
incompatibility significantly reduces hand emascula-
tion. However, more information regarding heterosis
and the efficiency of seed production by means of self-
incompatibility is needed.
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